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The existence of some correlation between the mycologic characteristics of a
fungous isolate and the clinical lesion it produces suggests the intriguing possi-
bility that has been explored in various mycotic infections. That this possibility
was a reality in infections produced by Trichophyton mentagrophytes was first
demonstrated by Epstein (1) in experimental animals when the more granular
type of colony was noted to cause the more severe lesion. Sanderson and Sloper
(2), Georg (3), and Silva and Benham (4) demonstrated that a similar correlation
existed in man. Silva and Benham were able to show that this correlation existed
not only in colony morphology but also in physiologic characteristics such as
pigment production and nutritional requirements as well.
These observations stimulated a search for a similar correlation in Trichophy-
ton rubrum infections. The present report is a summary of clinical and mycologic
studies on seventy patients with T. rubrum infections. Forty-three cultures of
T. rubrum isolated from these patients, and three cultures from Puerto Rico were
studied.
The Puerto Rican cultures were studied since T. rubrum infections have been
found to be readily amenable to treatment in Puerto Rico (15 c) in contrast to
their chronicity in New York City.
A possible mutual relation between pigment production, nutritive require-
ments, geographic origin and type of clinical or experimental lesion was investi-
gated by a detailed study of four isolates. These comprised a rich pigment produc-
ing T. rubrum and a poor pigment producing one from Puerto Rico and another
similar pair from New York City. In addition, these and other isolates were
utilized to test the value of sterilized soil as a culture medium.
In the process of isolating T. rubrum from lesions, a variety of other fungi and
bacteria were identified. This report includes a preliminary study of bacterial
filtrates from two cultures which inhibited the growth of T. rubrum.
The skin of guinea pigs, rabbits and two patients was inoculated with various
isolates to compare their virulence.
I. CLINICAL STUDY
Types of Lesions: Since October 1952 seventy patients with Trichophyton
rubrum infections of the nails and skin have been studied. The types of lesions
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from which T. rubrum was isolated have all been described previously (5) and
are shown in Figures 1 and 6.
Infection of the nails was present in all, and with one exception, more than
one nail was involved. Paronychia was rare. The usual pattern was an infection
of some of the nails of both feet and two or three nails of the more used hand.
Four patients had infections of all the nails.
At some time during observation, 7'. rubrum infection of the skin was present
in all patients and usually was observed at the initial visit. The feet and hands
were most commonly infected. In order of frequency the lesions were: desquama-
tion, erosion and seasonal maceration of the toe webs; irregular delicate collars of
overhanging scales with mildly erythematons centers on the glabrous skin of the
feet and one hand; and noninflammatory hyperkeratosis of the soles and palms
with mildly desquamating erythematous areas extending onto the adjoining
skin.
In addition to one or more of the above lesions 7'. rubrum was isolated from the
following less common ones: ridged fiexion creases of the palms in two patients;
irregular mildly erythematous unilateral maculo-papnlar and follicniar patches
on the lower extremities of four patients; erythema-nodosum like lesions on one
leg in two patients; maccrated toe webs in three patients during attacks of acute
lymphangitis of the leg; and dermatitis herpetiformis-like lesions in three pa-
tients. The herpetiform lesions were rather symmetrically located on the torso
and upper parts of the extremities. They consisted of well-defined areas contain-
ing flattened excoriated erythematons papnles and papnlo-vesicles and depig-
mented spots. The borders, however, were outlined with fine scales or intermit-
tent papular vesicles.
The three patients with herpetiform lesions were malnourished and one had
leukemia. The physical condition of the remaining sixty-seven patients was ex-
cellent with the exception of one patient who had severe asthma with bronchitis,
and another with arteriosclerosis. None of the patients was obese and none had
diabetes. Five, however, required treatment for psychoses or epilepsy and one
was mentally defective. Other skin diseases noted were acne in three patients
and herpes zoster in one patient. Most patients had thin, dry skins and did not
perspire easily.
FIG. 1. Types of lesions from which Trichophyton rubrurn was isolated: (A) and (B)—
dyskeratotic nail plates, dry scaly lesion on dorsum-tip of left great toe; (C)—ridged flexion
creases on hyperkeratotic palms. (A), (13), and (C), are from patient D. H. who acqnired tlns
infection 20 years ago in his native Puerto Rico, in addition he had hyperkeratosis of the
soles and irregnlar erythematoos patches of follicular papnlcs of beard, huttocks and ab-
domen. (D)—irrcgular scaly-bordered mildly crythematous areas on mid-soles and inner
aspects of feet. (E)—non-inflammatory hyperkeratosis of the soles; (F)—rnildl.y crythema-
tous macules partially covered with flecks of epidermis (culture V-571 used in this stndy was
isolated from one of these lesions). (0)—crythematous macnlo-papular and follicular
pustoles about the knee (cultnrc V-572 used in this study was isolated from one of these
follicnlar pustoles). (E), (F), and (C) arc from patient I. F., white housewife with infection
for 16 years, in addition 6 toe nails were infected. (H)—erythcma-nodosom-like lesions
of the leg. Histologic examination of a nodule showed hyphac in the epidermis and spores
surrounding a hair shaft in the dermal granuloma.
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Isolation of organisms from infected skin and nails: At the initial visit of each
patient sodium hydroxide mounts and cultures on Sabouraud's media were
prepared from the nails and skin lesions. If fungi were not recovered, this pro-
cedure was repeated until T. rubrum was isolated from at least one infected area.
Forty-five patients, representing each variety of lesion described above, were
singled out for special studies. Each type of skin lesion and some of the infected
nails were cultured repeatedly until T. rubrum was isolated. More than 20 speci-
mens were taken from a single patient and one patient required 13 scrapings
from his nails before T. rubrum was isolated. Specimens from each lesion were
planted on Sabouraud's glucose agar and on this medium towhich cyclohexamide,
penicillin and streptomycin (6) had been added.
Cultures from three of the patients were also taken from the normal appearing
skin and nails and from the oral cavity in two nail biters with infected nails and
feces. T. rubrum was not found in any of these cultures.
On the average T. rubrum was isolated from one in six specimens planted on
Sabouraud's media. Isolations increased by about 15 % on the Sabouraud's media
containing cycloheximide, penicillin and streptomycin. Fungi were observed in
the sodium hydroxide mounts about three times as often as in cultures.
In addition to T. rubrum, a number of saprophytic fungi representing the
genera Hormodendum, Aspergillus, Penicillium, Pullularia, Rhedotorula, Tricho-
sporon, Beauveria, and species of Candida were isolated. In stances of mixed in-
fection with a second fungous pathogen were seen in three patients with Tricho-
phyton mentagrophytes, and in five with Candida aibicans. Although not usually
considered a pathogen, it should be mentioned that Candida parapsilosis was
repeatedly isolated from the nail infections of at least four patients. In one of
these patients, direct examination of nail scrapings revealed both pseudomy-
celium typical of Candida and true mycelium typical of a dermatophyte, yet the
latter failed to grow out in culture from repeated specimens. When the patient's
nails were treated with ammoniated mercury, Candida parapsilosis was no longer
found in the nails and Trichophyton rubrum was recovered in cultures.
In many of the cultures on Sabouraud's glucose agar, bacteria grew and pre-
vented the growth of T. rubrum unless suitable antibiotics were added to the
medium. Several of these bacteria were isolated in pure culture and some in-
hibited T. rubrum in vitro. The latter bacteria were identified as either Staphy-
lococcus aureus or albus.
Tests with bacterial filtrates: Tests were initiated to determine the possible
therapeutic value of the anti-fungal substance produced by these bacterial
strains. Sterile filtrates were prepared from several of these bacteria grown on
both Sabouraud's glucose-peptone broth and bacteriologic nutrient broth. Prior
to applying these filtrates topically, intradermal tests were made with four of
them in nine patients, using in addition the culture media as controls. Immediate
wheals without flares developed at the site of injection in three of the patients,
but there were no delayed reactions. Following this test, pledgets of cotton
soaked in the filtrates were applied to some of the infected nails of two patients.
Definite improvement in the so treated nails was apparent.
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FIG. 2. Colony morphology produced on three media by four isolates of Trichophyton
rubrum representative of the various types encountered. Column A, Sabouraud's glucose
agar; Columu B, cornmeal infusion glucose agar; Column C, blood ngar base. All cultures
incubated for 17 days at 30 degrees C.
A B C
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II. MYCOLOGICAL STUDIES
Comparative studies of 46 isot ales: A group of 46 strains of T. rubrum 43 of which
were isolated from patients with all the types of lesions previously described and
three isolates from patients living in Puerto Rico were studied.
1. The colony morphology and pigment production of these isolates were studied on the
following media; Sabouraud's glucose agar, cornmeal-glucose infusion agar and blood agar
base (Difco). On Sabouraud's agar various types of colony were produced. The
aerial mycelium was either turf-like, velvety, downy, felt-like or slightly powdery depend-
ing upon the isolate, with variation also appearing in the amount of pigment present on the
surface of the colony. This appeared in shades of rose or violaeeous red on Sabouraud's
agar and seemed to depend on the amount of pigment produced in the under-
surface mycelium in each individual isolate. On cornmeal glucose agar, as previously ob-
served by Boeobo and Benham (7), the amount of aerial myeelium was greatly reduced,
the greater part of the colony being submerged and producing a pigment that varied from
orange-red to brick red. On the blood agar base, the colonies were slower growing and more
FIG. 3. Four isolates of Trichophyton rubrnm used in detailed studies. "A" = C-45,
"B" = C-46, "C" = V-57l, "D" = V-572.
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membranous with various amounts of radial folding. Sometimes there developed a honey-
combed appearance on the horder. Representative types of colonies produced are illus-
trated in Figure 2.
2. The microscopic morphology was studied in teased mounts made from the above
mentioned cultures at the end of one, two and six weeks from the day of inoculation. Slide
cultures were made on cornmeal agar, Czapek-Dox agar and blood agar base, and on a
mineral base medium to which yeast extract was added (8).
Typical clavate to pyriform microconidia ea thyrse were observed on all the media (Figs.
4 A and 13), hut macroconidia were only produced on the medium containing yeast extract
(Fig. 4 C) or on blood agar base, (Fig. 4 D). The latter medium stimulates the production
of macroconidia in Trichophyton rubruoi (9).
Throughout this study of gross and microscopic morphology on the usual media, the
differences that were found could not be correlated with the origin of the isolates. Some
of the isolates, however, showed a greater tendency to undergo plcomorphic changes and
lost the ability to produce the characteristic red-wine pigment in the undersurface of the
colony.
Fin. 4. Photomicrographs of typical sporulatiou in Trichophyton rubram. Delicate, pyri-
form microcondia "en thyrse" produced in one week on cornmeal agar in "A" "on Czapek-
Dox" agar in "B". Thin, clavate macroconidia produced in two weeks on mineral base
medium with yeast extract in "C", on blood agar base in "D". "A" and "C"—430x, "B"
and "D", phase-contrast illumination, 950X.
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A study of four selected isolates (V-571, V.472, C-46 and C-46)
In order to determine whether pigment production or geographic origin of isolates were
correlated with other characteristics of T. rubrum, four isolates were chosen for detailed
study. Two of these (Nos. V-571 and V-572) were obtained from a patient with two different
lesions (Figure 1, F and C) who had never lived in the tropics, the other two (Nos. C-45
and C-46) were obtained from patients living in Puerto Rico. One isolate from each geo-
grapbic area (V-572 and C-45) had retained the ability to produce red pigment in culture
media and one from each geographic area (V-571 and C-46) produced only a yellow under-
surface color.
1. Production of pigment in a liquid ojedium
Following the technic previously employed with Trichophyton meutagrophytes (4) four
Erlenmeyer flasks containing shallow layers of Sabouraud's glucose-peptone broth (25 ml.
in each flask of 100 ml. capacity) were inoculated with these four T. rubrum isolates. Two
flasks of each isolate were incubated at room temperature in a stationary position, the
other two were placed in a rotary shaker running at the rate of 150 r.p.m., also at room
temperature.
At the end of three weeks, the liquid culture media were separated from the mycelium
by filtration. The color of the filtrates was determined by comparing them with Ridgway's
"Color Standards" (10) and also by reading the per cent transmittance obtained at various
wavelengths in a Coleman Jr. spectrophotometer. Spectrophotometric curves were drawn
by plotting the per cent transmittance of each filtrate at various wavelengths compared
with non-inoculated broth. The intensity of the pigment was estimated from the shape of
TABLE I
Development of pigment and changes in hydrogen-ion concentration in liquid media inoculated
with four isotates of Trichophgton rubrum
Color SpecificationCondition ofIsolate Incubation til
Ridgway Colloquial
C-45 Stat.*1** 7.2 Brazil Red reddish brown
Stat.*2** 7.0 Morocco Red darker reddish brown
Agit.*1** 6.9 Orange-Buff reddish amber
Agit.*2** 7.0 Buff-Yellow more neutral amber
C-46 Stat. 1 7.0 Xanthine Orange brownish amber
Stat. 2 6.9 Deep Chrome golden orange-yellow
Agit. 1 7.1 Light Cadmium paler orange-yellow
Agit. 2 7.1 Light Cadmium paler orange-yellow
V-571 Stat. 1 7.3 Xanthine Orange brownish amber
Stat. 2 7.2 Mars Yellow yellow amber
Agit. 1 6.9 Xanthine Orange brownish amber
Agit. 2 6.8 Xanthine Orange brownish amber
V-572 Stat. 1 7.2 Hay's Russet reddish medium-brown
Stat. 2 7.0 Hay's Russet reddish medium-brown
Agit. 1 7.1 Hays Russet reddish medium-brown
Agit. 2 7.1 Hay's Russet reddish medium-brown
Broth Control—Stat. 5.5 Maize Yellow pale amber
Broth Control-'—Agit. 5.5 Maize Yellow pale amber
*
"Stat." and "Agit." refer to stationary and agitated conditions.
** Numbers followed by the double asterisk refer to duplicate flasks, 1 and 2, incubated
at each condition.
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the curve. At the same time, the pH of the culture filtrates was takeu. The results of these
readings are summarized in Table I. As will be seen in this table the more red soluble pig-
ments, in the liquid media, were produced by isolates Nos. C-45 and V-572 which were io
fact the two which had retained the ability to produce an intense svine-red pigment on
Sabouraud's glucose agar. All isolates made the liquid medium alkaline as they grew, chang-
ing the pH from an initial value of pH 5.5 to a final value ranging from pH 6.8 to pH 7.2.
It will he noted that the shade of pigment produced was more a property of the individual
isolate and independent of the pH reading of the broth.
2. Nitrogen nutrition on chemicelly defined medic
The ability of the four isolates to utilize inorganic and organic sources of nitrogen was
determined with the use of a chemically defined medium (8) to which single sources of
nitrogen were added. To determine inorganic nitrogen requirements ammoninm chloride
Fm. 5. Experimental infection of guinea pig with Trichophyton rubrum. "A", typical
patch of dermatitis produced at site of inoculation; "B" and "C", photomicrographs of
hair invasion, NnOH mounts, maguification, 100X in "B ', 430X in "C".
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and ammonium nitrate were each employed in a 0.2 per cent concentration. A vitamin free
casein hydrolysate was employed as the source of organic nitrogen in 0.1per cent nnd 1 per
cent concentration. The four isolates of T. rubrum grew well on ammonium chloride, am-
monium nitrate and on 0.1 per cent casein. The growth was more fluffy and pigment was
less intense in all four isolates in the presence of inorganic nitrogen. On the media containing
1 per cent casein all four isolates failed to grow. Our previous studies (8) had shown that
cascin in this concentration not only supported the growth of T. rubrum but stimulated it
to develop the pigments and colony pattern characteristic of this organism.
In attempting to determine the cause of this newly observed failure of 7'. rubrum to grow
on a 1 per cent concentration of cascin, a study was made comparing these isolates with
one that had been shown to grow well on this medium (Isolate No. C-6), and also using a
new lot of casein, (G.B.I. Microbiological Assay Control No. 5289), in addition to the one
used in the test just described (G.B.I. No. 5256). The study showed that whereas both lots
of casein supported growth when used in a 0.1 per cent concentration, only lot No. 5289
supported growth when employed in a 1 per cent concentration. A chemical analysis of these
two lots of casein revealed tbat lot No. 5256, the "inhibitory" casein, contained twice as
much tyrosine as did lot No. 5289, the "beneficial" casein.
3. Virulence for experimental animals
a. Primary inoculation of guinea pigs. The relative virulence for experimental animals of
the four isolates was determined and compared with that of two fresh isolates (Nos. C-103
and V-78l) by cutaneous inoculation of guinea pigs. This was accomplished by rubbing an
agar culture of each isolate on a shaved scarified area on the flank of each animal. Eighteen
guinea pigs were employed. Five were inoculated with isolates No. C-45, three each with
isolates Nos. C-46, V-571 and V-572, and four each with isolates Nos. C-103 and V-781. A
dermatitis developed at the site of the inoculation in ten of the 18 animals, as shown in
FigureS A. Three of five inoculated with C-45 became infected, three of four inoculated with
C-l03 and two each inoculated respectively with V-571 and 1/781. No lesion developed in
any of the animals inoculated with isolates Nos. C-46 and V-572. In general the infections
produced were less inflammatory and of shorter duration than those elicited by red-pigment
producing strains of 7'. meatagrophytes (1, 3 and 4). The T. rnbruns induced lesions were
erythematous, slightly infiltrated circular or oval areas with an overall scaliness and lo-
calized crusty papules which bled when the crusts were removed. These lesions lasted for
one to four weeks, but fungi could be detected on the scrapings only during the first two
weeks of infection. Hair invasion was observed in five of the infected animals, usually in the
form of a loose sheath of filaments surrounding the base of the hair. In one instance, isolate
C-45 produced hair infection to the extent of forming a compact mosaic of minute arthro-
spores (Fig. 5, B and C). Retrocultures were positive also for a period of two weeks following
inoculation.
b. Inoculation of patients. Two patients were inoculated twice with the four isolates of
T. rubrum. This was done by abrading unaffected skin in four areas and rubbing each
abraded area with a different culture. The areas were covered with gauze and adhesive tape
for one week. Erythematous vesicular patches as shown in Figure 6 D were present at the
end of one week. These increased in size, became circinate and persisted from 2 to 4 months
Fso. 6. Spontaneous and induced Trichophytou rubrum lesions: (ABC)—Spontaneous
lesions in patient I. W., a mentally defective negress with lesions resembling dermatitis
herpetiformis. Symmetrical, markedly itching areas of papules, papulovesicles were present
on the neck, upper extremities, buttocks, pubis and inner thighs. Eight nails were infected.
(DEF)—Induced lesions following abrasion of the skin, and application of Trichophyton
rubrum cultures. From above downward the lesions appeared after inoculation with: C-45,
VS71, V-572 and C-46. (D)—one week, (E)----one month, and (F)—flve months after
inoculation.
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(Figure 6, E and F). Cultures became negative a week or two before the skin lesions dis-
appeared. This experiment was repeated 5 weeks later on the opposite side of this patient.
Identical lesions appeared in the four inoculated areas but persisted almost twice as long
as previously. The experiment was repeated on the previously inoculated areas on the
second patient a month after the skin appeared normal. Lesions indistinguishable from the
ones which followed the first inoculation appeared and persisted for 6 months. Again it was
possible to culture the original isolates from the induced lesions to within two weeks of
normal appearing skin. Although these lesions were not treated there was no aggravation of
the spontaneous lesions which were under treatment.
c. Effect of temperature on the production of pigment by T. rubrum. During the course of
this study all cultures were incubated at a constant temperature of 30 degrees C. On several
occasions, however, cultures taken out of this incubator for descriptions or measurements
and allowed to remain for a few days at the fluctuating temperature of the room developed
a more intense pigment on their undersurface. The new pigment was usually distributed in
the form of concentric rings coinciding with the areas of new growth.
This observation led us to undertake a preliminary study of the effect of temperature
on the development of pigment in T. rubrum.
Six isolates were employed in a preliminary test to compare the pigments developed by
duplicate cultures on Sabouraud's glucose agar slants during a two week period of incuba-
tion: (a) at a constant temperature of 30 degrees C; (b) at room temperature, fluctuating
between 26 and 33 degrees C; (c) for one week at constant, one week at fluctuating tem-
peratures.
It was found that in all six isolates (Nos. C-6, C-6c, V-572, V-572c, V-1450 and V-571)
the least amount of pigment developed in those tubes incubated at 30 degrees C. for the
entire two week period, next in those incubated at the fluctuating temperature for two
weeks, while the most intense pigments were developed in those tubes subjected to the
two conditions, that is maintained for one week at 30 degrees C., then exposed for another
week to the 26—33 degree C. temperature fluctuation. It seems, then, that the change from
constant to fluctuating temperatures definitely stimulates pigment production.
d. The suitebility of soil me a storage medium for cultures of T. rubrum. Sterilized soil
has been found to prevent the development of pleomorphism in fungi (11, a, b). The suit-
ability of this method as a means of preserving the original characteristics of T. rubrum
was investigated.
"Potting" soil, obtained from a florist, was air-dried and dispensed in 15 gram amounts
into 20 x 150 mm. cotton-plugged test tubes. Half of the tubes were sterilzcd by autoclaving
for 20 minutes at 15 lbs. pressure, the other half by exposing to dry heat for two hours at
170 degrees C.
Nine dermatophyte isolates, including six of 7'. rubrum (Nos. C-45, C-46, C-103, V-571,
V-572 and V-781) aild one each of T. mentagrophytes, M. canis and E. floccosum, were inocu-
lated each into four soil tubes, two from the autoclaved group, two from the set sterilized
by dry heat. The inoculum consisted of a suspension, in distilled water, of the surface growth
of a ten-day-old slant culture of each isolate on Sabouraud's glucose agar. One ml. of each
suspension was added to each of the four soil tubes used for that isolate. The soil cultures
were then stored in a cabinet at room temperature. At the end of six months the first test
for viability was made by streaking one loopful of soil from each soil culture over the sur-
face of a fresh slant of Sabouraud's glucose agar.
No culture survived this period in the soil that had been sterilized by dry heat. In the
autoclaved soil, however, all six T. rubrum isolates survived very well. All the cultures re-
covered had a compact, highly sporulating aerial mycelium and an intense wine-red pigmen-
tation on their undersurface, both characteristics being typical of the so-called "wild"
condition, i.e. the appearance of a fresh isolate of this species. This included isolates Nos.
C-46 and V-571 which had already undergone a certain amount of pleomorphism (lack of
red pigment and of virulence).
To determine whether the reversal of pleomorphism appearing in the two isolates, Nos.
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C-46 and V-571, was also accompanied by an increase in virulence, cutaneous inoculations
similar to those made in guinea-pigs were made in young albino rabbits. Isolate No. C-45
which had proved virulent in earlier stuthes in guinea-pigs was used as control. Inoculum
was obtained from two-week-old cultures of each isolate on Sabouraud's glucose agar before
and after storage in the autoclaved soil. Two rabbits were inoculated with each of these
cultures, and two others were inoculated directly with soil from one of the storage tubes in
which isolate No. C-45 had been maintained for ten months making a total of fourteen
rabbits. The virulence of isolate No. C-46 remained the same after soil passage, but that of
isolates Nos. V-571 and C45 was reduced.
DISCUSSION
The clinical infections encountered included the common types and some of
the less common ones that have been reported. One of the latter, hyperkeratotic
ridged flexion creases of the palms has been noted rather frequently in England
(12). Trichophytids, tinea barbae or kerion (13), erythema perstans type of
lesions (14), or generalized infections (15), particularly in patients with lympho-
blastoma, were not encountered. However, in one patient with chronic trichophy-
tosis of the feet and nails, a dermatitis herpetiformis-type of eruption appeared
with the advent of chronic lymphocytic leukemia.
The more deep seated lesions of the follicular type (5 b, e) and the nodular
lesions of the leg (5 e, f) were observed in six patients. Their association with
superficial lesions elsewhere on the body suggests that the deeper inflammatory
infections followed shaving of the legs. This was borne out by the history of
repeated shaving, the occasional presence of infected hairs in the center of the
follicular lesions and the demonstration of spores about the hair shafts of the
excised and specially stained nodular lesions. The recurrent lymphangitis of the
leg in patients with acute infections of the toe webs was probably due to T.
rubrum in that no reaction followed intradermal tests with bacterial filtrates
and the lymphangitis subsided with the use of fungicides rather than antibiotics.
It appears that T. rubrum infections tend to be limited to the hands and feet
except in patients whose skin has been abraded or in those who are chronically
ifi. In the latter patients the lowered resistance of the host, as suggested by Lewis
(15 a) predisposes to more generalized infection of the skin.
The growth of bacteria in cultures from typical T. rubrum infections occurred
frequently. Their suppression with the addition of antibiotics to the media in-
creased the frequency of isolation of T. rubrum from typical lesions by about 15
per cent. The inhibition of T. rubrum in vitro by strains of Staphylococci isolated
from cultures to which antibiotics were not added, and the improvement in nails
treated by filtrates of these bacteria requires further study before any conclusions
are drawn.
The occurrence of mixed infections with (Jandida albicans, Trichophyton men-
tagrophytes, T. concentricum as well as Aspergillus nidulans have been reported
rarely. These reports together with the presence of combined infections in eight
of our patients suggest that infection with the recalcitrant T. rubrum permits
access by other fungi and yeast-like organisms. In Sagher's study of avulsed
nails (16), Candida-like filaments were observed in the surface layers and derma-
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tophyte filaments in the deeper layers of the sectioned nail. In one of our patients
the presence of both Candida-like filaments and the dermatophyte type of myce-
lium were observed in the sodium-hydroxide preparations from an infected nail
from which C. parapsilosis and T. rubrurn were cultured.
The ability to reinfect two patients, one at the site of previous inoculation, and
the longer duration of the second experimental infection suggest that no im-
munity is developed from infections due to T. rubrum.
Mycologically, the study of the 46 isolates revealed no differences that could be
correlated with the type of lesion from which they came. However, a certain
type of isolate commonly found in the tropics, producing a radially folded type
of colony with a more compact, velvety type of aerial mycelium and concentric
zones of pigmentation on the face of the colony, was not represented. A culture
recently sent from China with such morphologic characteristics showed nutri-
tional deficiency in not being able to utilize inorganic nitrogen for growth. This
would make it physiologically, a more fragile type of organism, and if other
strains from the tropics also have this deficiency they might be easier to kill
than the more sturdy autotrophic types of T. rubrum (8) found in this country.
Of the four strains studied in detail, one of the isolates poor in pigment produc-
tion, No. V-571, isolated from a superficial type of lesion (Fig. iF), proved iden-
tical in its nitrogen nutrition, microscopic morphology and type of experimental
lesion, to the isolate rich in pigment production, No. V-572 which was isolated
from a follicular pustule (Fig. 1G). Furthermore, when these strains were cul-
tured in autoclaved soil, the poor pigment producer No. V-571 regained pigment
and became indistinguishable from isolate No. V-572.
The increase in pigment observed in T. rubrum when subjected to changes in
temperature is of interest because similar changes have been described for the
pigment production of certain other microorganisms (17a). It must be noted,
however, that when the T. rubrum isolates were removed from the constant tem-
perature incubator, they were also subjected to changes in illumination and in
aeration and these factors should be taken into account in future tests. It is
known also that light and oxygen affect the pigment production in many bac-
teria (17 a, b).
The inability of dry-heat-sterilized soil to support growth of dermatophytes,
as opposed to autoclaved soil, may be explained on the basis of the longer expo-
sure to a much higher temperature required by the former method of sterilization
which may have altered the nutrients in the soil. The fact that the increase in
pigment and sporulation in those isolates cultured in autoclaved soil was not ac-
companied by an increase in virulence requires further study.
SUMMARY
Clinical observations and mycologic identification of cultures of seventy pa-
tients with Trichophyton rubrum infections are presented.
The common and some of the uncommon lesions produced by T. rubrum were
observed. The latter included hyperkeratotic ridged fiexion creases of the palms,
follicular and nodular lesions of the leg, dermatitis-herpetiformis-like lesions and
recurrent lymphangitis associated with acute infections of the toe webs.
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Mixed infections with (Jandida albicans or Trichophyton mentagrophytes were
found in 8 patients. Candida parapsilosis was repeatedly cultured with T. rubrum
from the nails of four patients.
A series of forty-three isolates of T. rubrum obtained from the seventy patients
and three sent from Puerto Rico were studied in search of correlation between
the mycologic characteristics of the isolates and the lesions from which they came.
No differences were found in the morphology, nitrogen requirements, pigment
production or virulence of the fungi studied that could be correlated with the
clinical lesions.
Culturing T. rubrum in autoclaved soil was found of value in preventing and
reverting pleomorphic changes.
Experimental inoculation of the skin of guinea pigs and of rabbits was suc-
cessful. In addition to loose invasion of the hair by T. rubrum in guinea pigs,
compact sheaths of arthrospores were noted with one of the isolates.
Experimental inoculation of the skin of 2 patients succeeded in reproducing
lesions seen in T. rubrum infection.
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DISCUSSION
DR. MARION B. STJLZBERGER (New York, N. Y.): I would like to thank the
presenters for this very instructive piece of work. It is one that I think may have
some clinical significance.
I do not want to discuss this paper further. But I would simply like to ask Dr.
Silva and Dr. Benham two sets of questions. I did not hear Dr. Silva say how
long the infection of the guinea pig or other experimental animals lasted. In
other words, what was its course? Did it heal spontaneously and if so in what
length of time? What was its incubation period, i.e. the lapse of time between first
inoculation and first appearance of characteristic pathologic changes? I ask
these questions because, as you all know, we are sorely in need of a long-lasting
type of superficial fungous infection in laboratory animals on which to test anti-
fungal agents. I wonder if this would be a suitable object or not.
The second question is,, what did the tyrosine itself do to the growth of the
fungus? Did the authors study what tyrosine in various amounts did to the
fungus, after having found out that the casein with twice the amount of tyrosine
was more inhibitory than one with the lesser amount?
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DR. MAURICE SULLIVAN (Baltimore, Md.): I wish to congratulate the presen-
ters on a significant study of a difficult problem, namely the quest for a fungicide.
Thus far we have no effective fungicide. It is the belief of our group in Baltimore
that the proper approach to the solution of this problem is in the study of the
physiology of fungi with particular reference to the nutritional requirements of
the various dermatophytes. For in this approach we may find a lead that may be
applied clinically. Dr. Silva and her group have made many important contribu-
tions on the metabolism of fungi and have presented findings which may ul-
timately provide us with effective fungicides. At least two clinical applications
are suggested by the present study. Along the same lines Dr. E. Bereston, Dr.
J. L. Wood and I have endeavored to plan fungicidal remedies based on the
principal of using hydroxyproline, a growth antagonist for fungi, and thiamine
antagonists where the causative organism manifests thiamine deficiency. It is
our hope that eventually a rational type of antifungal therapy will result from
the studies of the nutritional requirements of the dermatophytes.
DR. STURE A. M. JOHNSON (Madison, Wisconsin): This is a very enjoyable
paper and one which adds to the information which is accumulating on the nutri-
tional requirements of various fungi and yeasts. We have shown that Candida
albicans and Microsporum fulvum differ in their growth behavior when various
amino acids are added to medium. The amino acids which accelerate the growth
of one may even inhibit the growth of the other. This appears to be species
specific. For instance, hydroxyproline seems to inhibit M. fulvum but not Candida
albicans. I do believe that the work of the authors, along with observations of
others and ourselves, should make us realize that research of the type reported
here may give us a better tool for the treatment of various fungus diseases. The
administering by mouth, injection or topical application of amino acids which
seems to inhibit fungi in vitro may replace agents commonly employed at present.
DR. MARGARITA SILVA (in closing): In reply to Dr. Sulzberger's question
about the duration of experimental lesions produced by Trichophyton rubrum
on laboratory animals, I must say they were very short-lived. In general, clinical
changes lasted only from one to three weeks, and mycologic findings disappeared
by the end of the second week. On the other hand, lesions produced by the granu-
lar strains of Trichophyton mentagrophytes on both rabbits and guinea-pigs will
last much longer, from four to eight weeks, with mycologic findings frequently
remaining positive for six weeks. For therapeutic studies, therefore, the latter
type of fungus may be more suitable than T. rubrum.
With reference to the possible inhibitory effect of tyrosine on T. rubrum, or
indeed to that of any amino acid on a dermatophyte, I think there is great promise
in this particular area of investigation. We are familiar with Dr. Sture Johnson's
observation that hydroxyproline inhibits Microsporum gypseum (fulvum). A
similar effect of this amino acid on T. mentogrophytes and certain other dermato-
phytes was reported by Robbins, and also later by Georg for T. violaceum. This
inhibition is antagonized by proline. There are various other combinations of
amino acids whose effect on dermatophytes is mutually antagonistic. When
both members of a pair are present in the substrate, no effect is detectable, as
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f or example when casein or any other complex protein is employed. The fungus
then grows very much as it does on the peptone media of Sabouraud, in a form
with which we are all familiar. When one member of a pair of biologically active
amino acids is eliminated, the effect of the other member can be shown. This may
be an increase in pigment production, or in growth; it can also be an inhibition.
Unfortunately, we have not had time to study the possible inhibitiory action
of tyrosine on T. rubrum, but I believe, in view of the increased concentration
of this amino acid in the inhibitory lot of casein we encountered, this is a lead
worthy of investigation.
